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Abstract 

It is argued that the surface radius of a compact source can not be less than its 
gravitational radius due to the strong gravitational time dilation effects. The such 
"topological" difference between the Newtonian and relativistic gravity leads to the 
known observable effects. The hierarchy of supercompact stars, more massive than 
neutron stars, such as heavy baryon, quark (subquark?) and other heavy particle stars 
is predicted instead of the black holes. The lack of the cosmological singularity and a 
gravitational nature of the regularizations of loop divergencies in quantum field theory 
are also discussed. 



1 Introduction 

In general relativity one can use arbitrary coordinate systems, but a true physical picture 
and a true geometry of spacetime in some static gravitational field should be described in 
terms of physical variables, directly measurable by local observers. 

In the present paper particle's kinematics in the Schwarzschild field will be described in 
terms of the extended physical coordinates. As it will be shown, the such treatment allows 
one not only to solve some problems of particle physics, astrophysics and cosmology, but 
leads to new interesting predictions also. 



2 Schwarzschild's field in terms of physical variables 

The Schwarzschild metric is a solution of the Einstein equation around a compact spherically 
symmetric source r > R, where R is the radius of the source's surface. 

The coordinate time t and the areal radius r in Schwarzschild's static frame are physically 
well defined extended coordinates, measured by a set of globally synchronized coordinate 
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clocks and standard rods on the spheres around a compact source. They lead to the standard 
line element for a sample particle in the gravitational field of a compact source: 

ds 2 = {\- r -^dt 2 - (l- 7 ^ 1 dr 2 -r 2 dn 2 . (1) 

where r g = 2GM. 

However, due to the gravitational time dilation, the proper time intervals dr of a particle 
resting at different points of the field, depend on r at comparing with the same coordinate 
time intervals dt: 



dr(r) = dt^jl - -1. (2) 

Thus, at the description of the particle' motion in the gravitationsl field in terms of the 
proper times, we must always remember and take into account that dr(r) is defined only 
locally and directly unintegrable. We can integrate the proper times along the worldlines 
only after the expressing them across the extended coordinates t and r. 

Let us consider a source in the form of a thin spherical dust shell, the particles of which 
freely fall radially. 

Notice, that the black hole approach is based on a hypothesis that the particles of the 
shell can cross the gravitational radius at a finite moment of the coordinate time t and that 
the surface radius of the source may be less than its gravitational radius R < r g . 

In fact, in general relativity this is impossible since in terms of the coordinate time the 
proper times are really dilated and the falling particles of the source become frozen near the 
gravitational radius with R > r g . 

Further we we will consider the consequences of these facts. 

3 The topological shift rule and the classical effects of 
general relativity 

We see that for the exterior effects we can consider the standard radial coordinate r as 
having a constant part equal to r g , appearing due to the strong time dilation effects. For 
this reason, a more convenient radial coordinate, analogous to the flat space case may be a 
corrected radial coordinate r : 

r = r + r g , (3) 

for which one has: 

r \r=r g = 0. (4) 

As the result, the physical observables and effects in a weak field, depending on the 
distance up to the source, will contain special corrections to the Newtonian formulae. These 
corrections appear because of the fact that the radial coordinate r of the relativistic source 
contains the shift r g . In other words, one can treat this effectively so that when the relativistic 
source acts to a particle at r is analogous to the case when a Newtonian source acts to the 
particle located at r — r g . 
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The such effects are results only of the gravitational time dilation and therefore, they 
will present in any relativistic theory of gravity. The perihelion shift, the light deflection and 
the existence of a special role of the gravitational radius are the such "topological" effects. 

Another type of corrections to the Newtonian observables are those which depend on 
details of the field Lagrangian and a type of geometry. One of the such classical effects is 
the gravitational redshift of photon's frequency. The effect depends only on the potential 
difference between values of the radial coordinate and it does not depend on the initial point 
of the spherical coordinate system. As a result, in the first order the effect has the same 
value in the Newtonian and relativistic theories. 

So, we can effectively treat that the relativistic source acts to a planet at the orbit r as 
the Newtonian source acts to the planet at the orbit r — r g . Therefore we can simply shift 
the radius in the Newtonian formula for the angular velocity: 



2M 7 2tt / 3r„ , 



(r — r g ) 3 T V 2r 

and directly obtain Einstein's formula for the perihelion shift per period, which for the elliptic 
orbit with the focal parameter L is: 

A V =^ = ^. (6) 
If r — > r g , the interval on the orbital sphere tends to r 2 dVt 2 . This is not sufficient since 



dVt 2 — > and near r g the falling becomes fully radial. But in cosmology this fact is important 
and it leads to the exclusion of the cosmological singularity (see below). 



4 Astrophysics of the heavy baryonic and quark stars 

The results of the preceding considerations lead to a new paradigm for supercompact states 
of matter. The horizon and the black holes can not be formed at any moment of the 
coordinate time. All spacetime intervals for physical objects are timelike or lightlike, the 
temporal behavior of physical coordinates of the falling matter up to the surface of the source 
is like to the falling up to ordinary compact relativistic stars. In principle new phenomena 
is the disappearing of Newton potential's singularity. Supercompact stars of the surface 
radii near their gravitational radii, have an internal structure and a finite physical density. 
Hence, a hierarchy of the supercompact stars in ordinary and extraordinary physical states 
of matter does not stop at neutron star's level, but it should be continued to more dense 
physical states also. 

For stars with masses, more than the critical mass of neutron star's stability M > (3 4- 
5)M , the next stable states can appear. They are heavy baryon and multiquark hadron 
(multibaryonic and multimeson) stars, containing 3n-quark baryons or 2n-quark mesons. 

A new type of supercompact exotic objects are quark stars, which appear after the 
quark-hadron phase transition at high pressures and temperatures in the case of massive 
supercompact stars. Some of observing candidates to black holes can be hadronic, multiquark 
or quark stars. 

The very important perspective for the particle physics is the search of supermassive 
supercompact stars, containing subquarks or other type of substituents of quarks and leptons 
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- subquark stars, and heavy particles of the grand unification. 

Thus, instead of unphysical black holes, general relativity really predicts the hierarchy of 
exotic supercompact stars, which is similar to the hierarchy of high energy particle physics 
states. The hierarchy of masses of the such exotic stars coincides in some approximation by 
the hierarchy of elementary particles. 

5 The excluding of the cosmological singularity 

In the standard cosmological models of the general relativity the space-time interval has 
been represented as: 

ds 2 = dt 2 - a 2 (t)dn 2 ( X ,0,ip), (7) 
where a(t) is the radial coordinate, which tends to zero at initial cosmological time t — > 0: 

a 2 (t) =Bt^0. (8) 

In this case the density of matter e{a) tends to infinity (the cosmological singularity) at 
t -> 0: 



AB 2 A 



t 2 



a 
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oo (9) 



This problem can be considered qualitatively in the same manner as Schwarzschild's 
singularity. Here we again deal with the behavior of the radial coordinate a inside the 
gravitational radius a < r g . However, due to the gravitational time dilation, the "radius" 
of the universe can not be less than its gravitational radius r g . As the result, the spacetime 
interval should be represented as: 

ds 2 = dt 2 - [a g (t) + r g } 2 dn 2 ( X , 0, if) (10) 

and in the cosmological models one should deal with not by a, but by a g (t), where a(t) = 
a g (t) + r g . Since at a g (0) = one has a(0) = r g , the cosmological singularity disappears: 

AB 2 , x 

z* = — (11) 

a 

Thus the size of the Universe at initial time is define across r g which depends on the 
chosen cosmological model, but the initial density singularity disappears. 



6 The regularizations in quantum field theory as the 
gravitational effect 

The quantum field theory is the theory of local interactions of point particles. But the 
locality and pointness of particles lead to divergences for the values of physical observables. 

In the relativistic theory of gravity a point particle of finite mass "live" inside of its 
gravitational radius. Therefore, in the standard treatment of general relativity, each point 
particle represents a microscopic "black hole". 
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From the point of view of the new treatment, proposed in the paper, a spatial distance 
p = r 2 — T\ between two particles at points r 1 and r 2 can not be less than the "gravitational 
radius" r g of this two particle system, maximal value of which is equal to the Planck length 
l p . Due to the gravitational freezing, the distance alwais has the form p = po + r g . 

A localization region of the quantum particle is inverse proportional to the energy, while 
the gravitational radius is proportional to the energy. These two curves intersect at the 
Planck length l p and the Planck energy. Before the Planck scale wave lengths of quantum 
fluctuations of particles exceed the "gravitational radii" of particles. Here the ordinary 
quantum theory works successfully without the gravitational corrections. 

Thus, we must shift lower limits of the radial integrations in the spacetime integrals 
from r g = to the Planck scale r g ~ l p . As the result, we have a simple cutting of lower 
limits for the spatial integrals at l p , taking into account the gravitational shift rule, which 
automatically excludes the loop divergences in quantum field theory. 

We can illustrate this procedure for a simple one loop self energy diagram. If limits of 
a radial integration around a centre of inertia of the system are (0, oo), then the spacetime 
integral is equal to momentum conservation 5-function, which removes one of the momentum 
integrations. But the second momentum integral is divergent. 

Due to the gravitational effects, the radial integration has a lower limit equal to r g = l p 
and the self energy becomes finite: 

G = J dV q F(k, q ,p)[I\ r =^ p }. (12) 

The such corrections not so great with respect to the bare parameters. For example, the 
second order corrections to the self energy and charge of electron after the such cutting are 
approximately 3 % of the physical mass m and charge e of electron. Therefore, the bare 
mass and charge of electron are the same order as the physical ones. 

If we want work, for simplicity, without the such shift of the origin in the radial inte- 
grations, we can write the former divergent self energy integrals, but then we must subtract 
(divergent) unphysical part of the radial interval (0, l p ): 

G = J d'kd 4 qF(k,q,p) (I -/ . (13) 

We see that this is exactly the regularization procedure. Therefore, we can conclude, that 
the regularizations of loop integrations in quantum field theory are the methods for taking 
into account the such gravitational effects of high energy fluctuations at small distances. 

7 Conclusions 

Schwarzschild's field in terms of the extended physical radius becomes simple and normal 
from the point of view of ordinary physics. The falling matter becomes frozen on the surface 
of the source at r > r g , the interior of the horizon can not be formed at any finite coordinate 
time moment t < oo and the central singularity disappears. However, the methods and 
results of the standard treatment concerning the outer region of the gravitational radius 
r > r g retain their validity. 

Thus, general relativity in combination with particle physics, predicts new families of su- 
percompact exotic stars instead of black holes. It is shown, that the cosmological singularity 
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disappears due to inexistence of the "interior" of the " cosmological" gravitational radius of 
the Universe. The specifical topology of gravity allows us to better understand and to solve 
in principle the divergences problem in quantum field theory. 

In the papers pQ, [2] this treatment is developed by a more rigorous consideration of 
relativity theory in terms of extended physical coordinates. 
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